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was centrifuged at 5000 g for 15 min at 27 °C to remove access of CTAB and redispersed in deionized water. Figure S1 . SEM image of NCs synthesized by the procedure described in Section S1.
S2. Synthesis of Pd Rhombic Dodecahedral Nanoparticles
Rhombic dodecahedral nanoparticles (RDs) were synthesized by scaling up procedure reported elsewhere a . Briefly, 115 mg of PdCl 2 was mixed with 6.5 mL of 0.2 M HCl and stirred for 3 h to obtain a clear orange solution of H 2 PdCl 4 , followed by dilution of this solution to 32.5 mL with deionized water to make 20 mM H 2 PdCl 4 solution. Next, to prepare Pd seeds, 91.2 mg of CTAB was dissolved in 20 mL deionized water in a 25 mL glass vial equipped with a stirring bar. The solution was heated to 95 o C under stirring, followed by the addition of 0.5 mL of 20 mM H 2 PdCl 4 solution. After 5 min of stirring, 40 μL of 0.4 M ascorbic acid solution was quickly added, the reaction mixture was stirred for 10 min at 95 o C, then cooled down to 30 o C and allowed to age for 1 h. Meanwhile, the growth solution containing 90 g of CTAB in 900 mL of deionized water, 0.5 mL of 10 mM NaI, and 32 mL of 20 mM H 2 PdCl 4 was prepared and placed in an oil bath at 80 o C. Next, 20 mL of aged Pd seeds was added to the growth solution under vigorous stirring, followed by the addition of 12.5 mL of 0.4 M ascorbic acid. The resulting mixture was slowly stirred for 1 h at 80 o C. It was then left undisturbed at room temperature for 12 h to allow the resulting Pd RDs settle on the bottom of the flask. After decantation of the supernatant, the sediment was redispersed in 300 mL of deionized water, the solution was centrifuged at 5000 g for 15 min at 27 °C to remove access of CTAB and redispersed in deionized water.
At the reaction temperature of 45 o C Pd NPs with mixed low index facets {110}, {100}, and {111} were synthesized in the presence of NaI ( Figure S3 ), in agreement with the results reported for small-scale method. At a relatively low reaction temperature of 30 o C, we utilized the recipe of the small-scale synthesis of RDs for the large-scale synthesis of cubic NPs with smeared edges and illdefined {100} planes ( Figure S4b ). In contrast, on small-scale, the synthesis led to octahedral Pd NPs with ill-defined {111} facets (Figure 4a ), in agreement with reported results. Low stability of {111} Pd facets in the presence of CTAB and Iions, together with inhomogeneous reaction conditions associated with a scaled-up synthetic procedure, can be responsible for the difference between small-scale and large-scale synthesis.
Figure S2
. SEM images of RDs prepared a using a protocol described in Section S2.
Figure S3
. SEM image of NPs with mixed low index facets, scale bar is 1 μm (a) and 400 nm (b) . Inset in (b) shows a cartoon of a Pd NPs with mixed low index facets. Figure S4 . SEM images of Pd NPs synthesized at 30 o C in the presence of KI. In smallscale procedure (reaction volume 5 mL) octahedral NPs were obtained (a), while in a scaledup procedure (1 L) cubic NPs with rough surfaces were synthesized (b) . Scale bar is 400 nm.
S3. Synthesis of Pd Nanocubes with Protruded Edges
Palladium nanocubes with protruded edges (PE-NCs) were synthesized by scaling up the two-step procedure reported elsewhere b . Briefly, 115 mg of PdCl 2 was mixed with 6.5 mL of 0.2 M HCl and stirred for 3 h to obtain a clear orange solution of H 2 PdCl 4 , followed by dilution of this solution to 32.5 mL with deionized water to make 20 mM H 2 PdCl 4 solution.
Next, to prepare Pd seeds, 91.2 mg of CTAB was dissolved in 20 mL deionized water in a 25 mL glass vial equipped with a stirring bar. The solution was heated to 95 o C under stirring, followed by the addition of 0.5 mL of 20 mM H 2 PdCl 4 solution. After 5 min of stirring, 40 μL of 0.4 M solution of ascorbic acid was quickly added, the reaction mixture was stirred for 10 min at 95 o C, then cooled down to 30 o C and allowed to age for 1 h. Meanwhile, the growth solution containing 90 g of CTAB in 900 mL of deionized water, 10 mL of 10 mM CuSO 4 , and 32 mL of 20 mM H 2 PdCl 4 was prepared and stored in a water bath at 45 o C. Next, 20 mL of aged Pd seeds was added to the growth solution under vigorous stirring, followed by the addition of 25 mL of 0.4 M ascorbic acid. The resulting mixture was left undisturbed for 12 h at 45 o C. After 12 h, the resulting PE-NCs settled on the bottom of the flask. After decantation of the supernatant, the sediment was redispersed in 300 mL or deionized water, the solution was centrifuged at 5000 g for 15 min at 27 °C to remove access of CTAB and re-dispersed in deionized water. Figure S5 . SEM images of PNCs prepared a using a protocol described in Section S3.
S4. Synthesis of Branched Pd NPs with High Index Facets
Palladium NPs with high index facets (denoted as BNPs) were synthesized by scaling up the procedure reported elsewhere c . Briefly, 110 mg of PdCl 2 was mixed with 300 mL of 0.1M NaCl and stirred for 3 h to obtain a clear orange 2 mM solution of Na 2 PdCl 4 . Next, to prepare Pd seeds, 345 mg of CTAB was mixed with 10 mL of 0.25 mM solution of Na 2 PdCl 4 in a 50 mL two neck round bottom flask equipped with a stirring bar, the solution was bubbled with nitrogen for 30 min at 30 o C. Then 0.22 mL of freshly prepared ice cold NaBH 4 aqueous solution was injected into the reaction mixture under vigorous stirring. This seed solution was kept under nitrogen to prevent dissolution of the seeds due to oxidation. Next, 690 mg of CTAB and 20 mL of 0.25 mM solution of Na 2 PdCl 4 were mixed in a 20 mL vial, followed by the addition of 156 μL of 0.1M ascorbic acid and 168 μL of seed solution to form spherical Pd NPs that were used to grow BNPs. The vial was shaken for 5 s and left undisturbed for 2 h; this solution is denoted as A. Meanwhile, the growth solution containing 45 g of CTAB in 900 mL of deionized water, 2.4 mL of 10 mM CuSO 4 , and 30 mL of 20 mM Na 2 PdCl 4 was prepared and placed in a water bath at 30 o C. Next, 20 mL of solution A was added to the growth solution under vigorous stirring, followed by the addition of 10 mL of 0.4 M ascorbic acid. The resulting mixture was left undisturbed for 24 h at 30 o C. The solution was centrifuged at 5000 g for 15 min at 27 °C to remove access of CTAB and re-dispersed in deionized water. Figure S6 . SEM images of BNPs prepared a using a protocol described in Section S5.
S6. Mesoporous Silica Coating of Pd NPs
Palladium NPs with different shapes synthesized according to the procedures described in Sections S1-S5, were coated with a mesoporous silica shell by using the method adopted from elsewhere d . Briefly, 300 mL of purified CTAB-stabilized Pd NP solution (containing ~50 mg of Pd) was diluted to 1 L with deionized water followed by addition of 17 mL of aqueous 0.1 M NaOH under vigorous stirring. Then 0.25 mL of TEOS was added dropwise under stirring every 30 min for the next 90 min, which resulted in 1mL of TEOS added in total. The mixture was stirred at room temperature for 24 h. The resulting Pd/SiO 2 core-shell NPs were cleaned by a 10 min centrifugation cycle at 4000 g at 27 °C followed by the redispersion of the precipitate in methanol and five subsequent centrifugation cycles at 4000 g at 20 °C to remove CTAB and free silica from the solution. 
S7. Mesoporous Silica Coating of silica NPs
Spherical silica NPs of average diameter 67+/-6 nm were prepared using Stöber method e and then were coated with a mesoporous silica shell following a modification of the protocol described in Section S6. Briefly, 50 mL as synthesized silica NP solution (containing ~50 mg of silica) was washed three times with deionized water using centrifugation at 6000 g followed dissolution in 100 mL of 0.02 M aqueous CTAB solution using centrifugation. Then 2 mL of aqueous 0.1 M NaOH was added under vigorous stirring, followed by dropwise addition of 0.1 mL of TEOS under stirring every 30 min for the next 90 min, which resulted in 1mL of TEOS added in total. The mixture was stirred at room temperature for 24 h. The resulting SiO 2 /mesoporous_SiO 2 core-shell NPs were cleaned by a 10 min centrifugation cycle at 6000 g at 27 °C followed by the redispersion of the precipitate in methanol and five subsequent centrifugation cycles at 4000 g at 20 °C to remove CTAB and free silica from the solution. 
S8. Nanopowder Preparation
To obtain a powder of Pd/SiO 2 core-shell NPs, the resultant purified solution of the NPs in methanol was concentrated to 2 mL and drop-cast onto a glass slide or on the bottom of a glass Petri dish. Following the evaporation of the solvent, the Pd/SiO 2 core-shell NPs were scratched off as a fine powder using a side of a glass slide ( Figure S10 ). This procedure was used for all NP types).
Figure S12. Nanopowder preparation by dropcasting a concentrated solution of NPs in
methanol on a glass slide and scraping out the dried powder using a second glass slide.
S9. Characterization of NPs
Transmission electron microscopy (TEM) images were obtained using a Hitachi H-7000 transmission electron microscope operating at 100 kV and 75 kV. Scanning electron microscopy (SEM) imaging was performed using Hitachi S-5200 microscope operating at 25 kV and equipped with an EDX detector. Samples for the TEM and SEM imaging of NPs were prepared by depositing a droplet of NP solution on a 400 mesh carbon-coated copper grid and allowing the solvent to evaporate. Thermal stability of the NPs was analyzed by in situ heating using Hitachi HF3300 environmental TEM. The samples dispersed in methanol were deposited on a heating silicon chip with tungsten heating element (Norcada/Hitachi). The electrokinetic potential (ζ-potential) and the hydrodynamic size of the NPs were determined using a Malvern Nano ZS-ZEN3600 instrument (laser wavelength of 633 nm). The surface composition of Pd/SiO 2 NPs of different shapes was analyzed using X-ray photoelectron spectroscopy with an M-probe apparatus (Surface Science Instruments).
Palladium and silica content in the NPs coated with a mesoporous silica shell was determined by digesting the known mass of the nanopowder in fresh aqua regia for 24 h, 10000-fold diluting of the solution with deionized water and analyzing the resulting solution with Inductively coupled plasma atomic emission spectroscopy (ICP AES) (Perkin Elmer Model Optima7300DV).
S10. TPD analysis
Hydrogen TPD spectra were recorded using CATLAB microreactor (Hiden Analytical, UK) equipped with quadrupole mass spectrometer as a detector. Argon was used as a carrier gas with a flow rate of 40 mL/min. Prior to recording TPD spectra; each sample (10mg) was purged with 5% H 2 /Ar mixture for 10 min. Hydrogen desorption was monitored as a function of various heating rates -18,15,13,10 degrees/minute. 
S11. Calculations of the surface areas and volumes of Pd NPs with different shapes
The surface area and volume of the NCs were calculated as 6 ! and ! , respectively, where is a side length of a NC.
The surface area and volume of the RDs were calculated as is 8 2 ! , and Table S1 . Table S1 ), we found their surface areas: 7.2, 6.7 and 28 m 2 /g for the NCs, RDs, and PNCs, respectively. The quantitative approximation of the surface area value for BNPs@SiO 2 is not provided due to the complex geometry of BNPs, compared to other studied NP types. We assumed that the mesoporous silica shell blocks the same fraction of the NP surface for all NP types, therefore exposing to hydrogen the same fraction (α) of Pd surface. Thus, the relative amounts of hydrogen desorbed from the NP surface can be Relaxation was continued until the total energy change between consecutive minimum candidates became less than 10 -5 E h (~3×10 -4 eV) and forces were less than 10 -3 a.u.
The same methodology was applied to the ridges of cubic and octahedral NPs, which were constructed by cutting off atoms from 3×3×5 slab to form an intersection of 100 (cubes) and 111 (octahedra) planes.
